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Introduction
The recent financial crisis and the subsequent economic downturn have clearly shown the importance of financial stability. Since the onset of the slump in 2008, resolving strategies and regulatory measures aimed at preventing future crises have been on the top of the political agenda worldwide. However, given the high degree of complexity of the issue, the factors causing financial crises are hard to identify. The various financial crisis episodes during the 20th century suggest that many different determinants, such as particular institutional settings, policy failures, and structural peculiarities, may all have a crucial impact.
Among the different strands of literature, the role of market structure emerges as a crucial topic. More precisely, the impact of competition and market concentration on the probability of a financial crisis appears to be of primary interest. Remarkably, two opposing theories are currently debated. A positive relationship between market concentration and financial system stability is observed when more concentrated markets allow banks to earn higher profits, which serve as a buffer against unexpected shocks (concentration-stability hypothesis). On the contrary, higher market concentration is associated with lower financial stability when market power induces banks to charge higher interest rates to borrowers, so that borrowers take excessive risks and raise the risk of default and destabilization (concentration-fragility hypothesis). 1 While the predictions of theory are ambiguous, the majority of recent empirical studies supports the concentration-stability hypothesis. is among the first and few studies that analyze the impact of market concentration on the likelihood of financial crises. The authors use data on 69 countries from 1980 to 1997 and find that countries with more concentrated banking systems are less prone to crises. Chang et al. (2008) study the impact of banking concentration on non performing loans, using Brazilian bank data for the period 2000 to 2005, and report similar results. In a study on the impact of deposit insurance on banking system stability, Demirgüc-Kunt and Detragiache (2002) also find that higher concentration is associated with a lower crisis probability. Evrensel (2008) uses data on 79 countries for the period 1980-1997 and shows that concentration in the banking sector enhances the survival time, i.e. the period during which a country is not experiencing a crisis. Ruiz-Porras (2008) investigates the relationship between banking competition and financial fragility, using data for 47 countries between 1990 and 1997. However, concentration turns out to be insignificant in this study.
With the current concern that banks have become too big ("too-big-to-fail"), these results are quite surprising. Moreover, all the studies estimate the direct effect of concentration on financial stability. Taking the theoretical literature seriously, however, means to scrutinize the indirect impact of concentration on financial stability, the effects which run via specific channels. According to theory, the two channel variables of returns in banking on the one hand and interest margins on the other hand need to be distinguished. In addition, the causal chains ranging from concentration to financial crises through the two different channels suggest using a systems approach for empirical estimation.
The present paper aims at bringing the empirical literature into agreement with the underlying theory. We set up a simultaneous system in order to jointly estimate financial stability and the relevant channel variables as endogenous variables. As it is common in the literature, we estimate financial stability using a binary variable indicating a financial crisis if it takes the value of one and zero otherwise. The main contribution of the paper is to provide a consistent empirical analysis of the two main hypotheses which are motivated by the theoretical literature. In particular, we investigate the indirect effects of market concentration on the likelihood of a financial crisis. We use a new database by Laeven and Valencia (2008) which covers data on financial crises between 1970 and 2007 and allows to adopt a panel approach.
We find that both channel effects from theory can be confirmed by the estimations. This suggests that a direct estimation of the effect of concentration is unlikely to give a precise result. Furthermore, once we control for the channel variables, there is no direct effect of market concentration on systemic crisis. The results of the two-stage and the GMM regressions show evidence of both the concentration-stability and the concentration-fragility hypothesis, though the results for the former are more significant. In order to take account of the differences between developed and developing countries, we split the sample and estimate the regressions separately. For developing countries, we find strong evidence for the concentration-stability hypothesis, but no evidence for the concentration-fragility hypothesis. In addition, in developing countries the results suggest that higher concentration is associated with lower net interest margins. In developed countries, the evidence for the concentrationstability hypothesis is significant. Furthermore, there is also evidence for the concentration-fragility hypothesis.
Our paper is closely related to the above-mentioned literature. In addition, it relates to a broader strand of studies on systemic risk and stability in the macroeconomic context. 2 The remainder of the paper is organized as follows. Section 2 describes the channels through which concentration is supposed to affect financial stability in more detail. Section 3 outlines the data and explains the econometric methodology. Section 4 presents the results. Section 5 takes a closer look on the differences between developing and developed countries. Section 6 discusses the main results, and finally section 7 concludes.
Channel effects
We focus on two channels, motivated by the literature, through which concentration affects the probability that a financial crisis occurs. In particular, we want to test the "concentration-stability" and "concentration-fragility" hy-potheses. According to the concentration-stability view, higher market concentration enhances the stability of the financial system. One line of argument suggests that, due to higher market concentration, firms have more market power and may therefore generate higher profits. In a similar way, it is stated that higher profits increase the franchise value of firms, see Chang et al. (2008) . This will induce managers to take less excessive risks, which enhances the stability of the entire system and suggests a positive relationship between market concentration and financial system stability. 3 On the contrary, the concentration-fragility hypothesis predicts that higher market concentration destabilizes the system and makes it more vulnerable. According to Boyd and De Nicoló (2005) , banks in a more concentrated market (and with more market power) may charge higher loan rates to borrowers than under (more) competition. In this case, borrowers will take higher risks, which is a problem for system stability. Moreover, the "too-big-to-fail" property of some banks might lead to excessive risk taking in banking causing increased system instability.
Since the concentration-stability hypothesis assumes that concentration affects system stability or, put differently, the probability of a financial crisis, through higher profits, we will refer to this channel as the profitability channel. The concentration-fragility view suggests that the effect of higher concentration works through higher loan rates. We will therefore denote this as the interest rate channel. Profitability is measured by the return on assets, a standard profitability measure in the literature. The most suitable measure to proxy for the interest rate channel would be the loan rate of banks. However, since data on loan rates are quite limited, we use net interest margin instead. 4 The following equations summarize the idea of the channels and illustrate the link between the major variables formally. The probability of a financial crisis is a function (f) of the two channel variables, i.e. return on asset (roa) and net interest margin (nim), and a set of control variables X.
The return on assets is determined by i) market concentration (the variable which is of most interest here) and ii) a set of other variables, summarized in Y .
Similar to the return on assets, net interest margin is determined by i) market concentration and ii) a set of other variables, denoted as Z.
For the determinants of the channel variables we mainly follow the existing literature. 5 Similar to Athanasoglou et al. (2008) , we include bank specific characteristics, such as the cost income ratio or bank size, industry related factors like market concentration or stock market turnover, and macroeconomic conditions, such as the per capita GDP growth or inflation.
The concentration-stability hypothesis suggests, ceteris paribus, a negative effect of market concentration on the likelihood of a systemic crisis. The channels further imply a positive link between concentration and return on assets and a negative relation between return on assets and the probability of a crisis. Formalized the concentration-stability hypothesis is:
According to the concentration-fragility hypothesis market concentration enhances the probability of a systemic crisis. Further, the channel mechanism we look at suggests a positive link between concentration and net interest margin and a positive relation between net interest margin and the crisis probability:
From 4 and 5 we see that the two effects of concentration on the probability of a financial crisis are indeed exactly opposite, which can only be detected in the data by using an appropriate system equation approach.
Data and Methodology

Data
Our sample covers 160 countries over 38 years in the period 1970-2007. Data on financial crises are taken from the database by Laeven and Valencia (2008) , which contains data on systemic banking crises, currency crises, and sovereign debt crises for 1970-2007. We focus on systemic banking crises, which the authors describe as follows: "[...], in a systemic banking crisis, a country's corporate and financial sectors experience a large number of defaults and financial institutions and corporations face great difficulties repaying contracts on time. As a result, non-performing loans increase sharply and all or most of the aggregate banking system capital is exhausted. [...]" Crisis data are given by a simple binary variable that equals one if a country i at time t experiences a financial crisis, and zero otherwise. 6 In total, the data cover 124 (systemic) banking crises, 208 currency crises, and 63 sovereign debt crisis episodes, where a subset of 42 are twin crises. 7 Financial data are mainly 5 See for example Bourke (1989) , Molyneux and Thornton (1992) , Demirgüc-Kunt and Huizinga (1999) or Athanasoglou et al. (2008) .
6 Note that time t denotes the year when the crisis starts. 7 For further details on the data, see Laeven and Valencia (2008) .
taken from Beck et al. (2000 Beck et al. ( , updated 2009 The sample has three peculiarities. First, the overall sample covers more developing countries than developed countries. However, due to the lack of data for some variables in developing countries, the included number of observations is not so different in both cases. 10 In order to account of the uneven size of sub-samples, we form sub-samples to run the regressions for different income groups separately. Second, the number of observations for systemic financial crisis is not very high. While the maximum number of included observations is 1938, which is the maximum number for the right-hand variables, 124 of the total number of observations refer to systemic financial crisis observations, i.e. they express that "a particular country faces a financial crisis in a specific point in time (year)." We also checked how data on financial crises are distributed among developed and developing countries. Of the 124 observations on systemic financial crises, 17 observations belong to developed countries, while the remaining 107 entries refer to crises in developing countries. A third issue is the variation in the number of observations. As usual in empirical studies in this field, the availability of data for the different variables varies quite remarkably. Macroeconomic indicators are available for most countries and time periods. Financial sector data such as return on asset, net interest margins, capital market turnover, financial sector average cost-income ratios or indicators on the degree of market concentration often are available either for a particular group of countries or for recent years, only. While the latter case simply leads to a smaller sample size, the former limitation may be more difficult to deal with. This is in particular the case if an increase in the number of explanatory variables changes the sample such that the ratio of developed and developing countries changes significantly. We will specifically consider this issue in selecting the specifications, which we discuss below. Table 2 presents the correlations between systemic crisis, the channel variables and market concentration. As suggested by the system-stability hypothesis, the correlation between profitability (roa) and financial crisis is negative.
In line with the concentration-fragility hypothesis, the correlation between net interest margins (nim) and the likelihood of a financial crisis is positive. Since we are interested in the effect of market concentration on the likelihood of financial crises, we must also consider the relation between the particular channel variables and market concentration. As we can see from the table, all the coefficients are positive, which is in line with the theoretical predictions that higher market concentration is associated with higher profits and higher interest rates charged to borrowers. 
Methodology
Most studies on the (direct) effect of market concentration on the probability of a systemic financial crisis use logit probability models (see for example Demirgüc-Kunt and Detragiache (1997) or ). Unlike these studies, we investigate the indirect impact of concentration on the probability of a systemic financial crisis. This requires a different econometric approach.
In a first step, we estimate the crisis probability according to eq.(1) in order to check whether the channels that we consider run in the expected direction, that is, whether the probability of a systemic crisis is significantly determined by the channel variables. Following the literature, we use a logit model, but we estimate also other models as robustness check. In a second step, we combine eq.
(1) with eq.(2) and eq.(3) to estimate the effect of concentration on the likelihood of financial crises, via the considered channels. Tavares and Wacziarg (2001) follow a similar approach. They set up a simultaneous equations model, which they estimate by Three Stage Least Squares (3SLS). Given the dummy character of our dependent variable, we use a two stage approach to estimate the binary response model in which we endogenize the channel variables and in this way assess the indirect effect of concentration on financial system stability (fragility).
Results
The results are presented according to the described procedure. We first assess the explanatory power of the channel variables, and then turn to the two-stage regressions to estimate the indirect effect of market concentration and test for evidence on the concentration-stability and/or -fragility hypothesis. Table 3 summarizes the findings of the non-instrumented regressions, using different binary response models. The results show that both channel variables -roa (return on assets) and nim (net interest margin) -affect the crisis probability significantly and in the direction suggested by the theory, irrespective of the particular estimation model. 11 We also use the complementary log-log model for comparison due to its characteristics to cope with unequally distributed data, which confirms these findings. 12 In line with the concentration-stability hypothesis, the negative coefficient on roa suggests that countries with more profitable banks, i.e. higher values of return on asset, are less prone to financial crises. At the same time however, we find that -supporting the concentrationfragility hypothesis -higher net interest margins are associated with a higher 11 For the comparison of binary models and parameter estimates see for example Cameron and Trivedi (2009) , chapter 14.
One Stage estimates
12 In our case it concerns the few observations on crisis compared to non-crisis observations. crisis probability. 13 Unlike previous studies, we find no evidence for a direct effect of market concentration on the likelihood of a systemic financial crisis. Taken together, we interpret these results as preliminary indication that concentration may have an indirect but not a direct effect on financial stability. In column 5 we add a binary variable for deposit insurance. Unlike other studies, our results suggest that countries with a deposit insurance scheme are less likely to experience a systemic crisis. 14 The standard moral hazard argument claims that the presence of a safety net such as a deposit insurance scheme enhances the riskiness of banks, which increases their default risk and therefore the likelihood of a systemic crisis. However, considering that previous studies usually use a composite "moral hazard" index, which takes on higher values the more generous a deposit insurance scheme is, our findings may not necessarily be conflicting with their results (see for example ) or Evrensel (2008 ).
In the last column, we check for the robustness of our results, controlling for additional measures, such as the political and economic environment, or stock market conditions. The channel variables turn out to be quite robust against controlling for other determinants. While the coefficient on per capita income is insignificant, the results suggest that a higher stock market turnover is associated with a higher crisis probability. This indicates the strong integration of banks and stock markets. Finally, we find that countries with a higher current account balance to GDP ratio are less likely to be hit by a financial crisis. Taking this ratio as a proxy for economic stability, this result implies that governments may significantly contribute to financial stability.
Summing up, our results show that both channel variables significantly affect the likelihood of financial crises in the way suggested by the theory. Furthermore, we find no evidence of a direct effect of concentration on the crisis probability. In order to test the full stability and fragility hypotheses we need to endogenize the channel variables, i.e. accounting for the fact that market concentration determines the channel variables. In the next section, the results of the two stage model are presented.
Two Stage estimates
In order to estimate the indirect effect of market concentration on the probability of a systemic crisis we need to simultaneously estimate eq.(1), (2) and (3). To do this, we estimate a two stage probit and a two stage linear probability model. Results are summarized in Table 4 .
From the results for the second stage it becomes evident that all coefficients are significant and have the expected sign. As in the one stage estimates, higher return on asset is associated with a lower crisis probability, whereas higher net interest margins enhance the likelihood of a systemic financial crisis. In recent 13 Since the interpretation of parameter estimates is not straightforward in non-linear models, we calculate marginal effects (at the mean value of each corresponding regressor). They are reported in Table A .3 in the Appendix.
14 See for example Detragiache (1998, 2002) . years, a few studies have shown that bank profits tend to be time-persistent. 15 Taking this into account, in the first two columns of Table 4 , (on the first stage) we control for the one-period lagged values of the channel variables. 16 However, due to the two stage binary response structure of our model, the coefficients of the channel variables are being estimated by standard least squares and may therefore be biased and inconsistent. For this reason, we additionally i) run regressions without the lagged channel variables, and ii) estimate the first stage, i.e. the channel variables, separately, using a GMM model. The results are displayed in the second two columns of Table 4 and Table 5 , respectively. As we see from Table 4 , the results on the second stage remain largely unchanged, when we omit the lagged channel values. On the first stage, however, now concentration turns out to be significant. 17 The results of the GMM estimates can be found in Table 5 . Interestingly, concentration turns out to have a highly significant effect on both channel variables, with the "correct" (positive) sign, as suggested by the theory.
In summary, we interpret our findings as strong support for the concentrationstability hypothesis and a somewhat weaker evidence for the concentrationfragility hypothesis. 
Income group effects
Many empirical studies on financial crises estimate samples that include both developed and developing countries. The state of economic development, however, may affect a country's susceptibility to financial crises. Though in our estimates we control for the state of development by the per capita incomevariable, in this section we split the sample into two sub-samples. Countries, which belong to the World Bank's high income group are classified as developed countries. All other countries, i.e. low income, lower middle income, and upper middle income, are grouped as developing countries. Table 6 displays the results for low income countries. The first two columns summarize the results of the one stage estimates. The following columns display the results of the two stage estimates with and without the lagged values of the channel variables, respectively. Consistent with our previous findings, the parameters on the channel variables have the correct sign, and most of them are significant. However, the estimates on the return on asset are much more significant than the ones of net interest margin. As for the entire sample, deposit insurance is associated with a lower likelihood of systemic crises in developing countries, and we find no evidence of a direct effect of market concentration on the probability that a financial crisis occurs. On the first stage, as before, the parameter on concentration indicates that there is a positive effect on return on asset. The effect of market concentration on net interest margin is insignificant. One reason for this result may be that the net interest margin is being driven more by other factors than market concentration. In developing countries, financial systems are usually underdeveloped, too. Due to high transaction costs and missing economies of scale, lending rates are sometimes excessively high. Therefore, high net interest margins may arise rather due to existing inefficiencies rather than due to high market concentration. As before, we also estimate the channels separately, using GMM. The results are summarized in Table 7 . The results indicate a strong effect of market concentration on both channel variables. As suggested by the theory, higher market concentration is associated with higher profitability, i.e. higher return on assets. Surprisingly, contrary to theoretical predictions, we find that higher market concentration is related to lower net interest margins. Possibly, net interest margin is a too weak proxy for testing the concentration-fragility hypothesis. Based on the argument that banks in concentrated markets have more market power and therefore charge their borrowers higher rates, which in turn leads borrowers to take higher risks and finally enhances the likelihood of default and of a crisis, the lending rate may be the appropriate "measure". However, data on lending rates are quite difficult to get. Other reasons that may drive this result are discussed in the following sections.
Low income countries
Summing up, in developing countries there is evidence of the concentrationstability hypothesis, but no evidence of the concentration-fragility hypothesis.
High income countries
The results for developed countries are summarized in Table 8 . As in the previous section, the first two columns show the results for the one stage estimates. The remaining columns represent the two stage estimates with and without the lagged channel variables, respectively. The one stage estimates do not differ fundamentally from our precedent findings. 18 The results of the two stage model instead show some remarkable differences. First, though the channel variables still have the correct sign, they are not significant. Second, concentration has the predicted sign and is highly significant in the regression for roa. The strong explanatory power of market concentration (for the return on asset) in developed countries may reflect the fact that in developed financial systems bank profits are determined to a much larger extent by market concentration, whereas in low developed countries other factors such as transaction costs are much more decisive. The loss of significance of the channel variables is most probably due to the skewness in the data: over the considered time period, our sample contains only 17 crisis observations. Table 9 summarizes the results of the GMM estimates for developed countries. It is shown that concentration enters with the predicted sign and is highly significant in both channel regressions. The results of the one stage estimates, according to which the channel variables are significant and support the theoretical predictions, together with the findings in the GMM estimates, can be interpreted as evidence for both the concentration-stability and the concentration-fragility hypothesis. 
Discussion
One of our main findings is the lack of a direct effect of market concentration on systemic crises, once we control for the channel variables. Higher profitability of banks enhances the stability of the financial system; on the contrary, higher net interest margins expose the system to an increased probability of a financial crisis. Our results indicate that there are different channels through which higher market concentration on the one hand enhances financial stability, but on the other hand reduces stability. The net effect of these two opposing effects is therefore ambiguous. Due to the complex system that we estimate -a two stage binary response model with a dynamic panel structure in the first stagesignificance levels are volatile and vary. However, given the results, we conclude to have evidence on both the concentration-stability and the concentrationfragility hypothesis, which supports the theory.
We find significant differences between developed and developing countries. In particular, in developing countries higher market concentration is associated with lower net interest margins, while the opposite is true for developed countries. We find two possible explanations for this result. First, we measure market concentration by the ratio of the assets held by the three largest banks to total assets. Quite reasonably, in financial systems in developing countries there are fewer banks (possibly only a handful) than in developed countries. Therefore, the concentration ratio may be high not because of the high market power of the three largest firms, but rather because there are no or only a few competitors. Hence, market concentration only loosely grasps market power of firms. A second reason for this counterintuitive finding may be that it is driven by institutional factors we have not controlled for yet. Future research on financial crises should explicitly consider the differences between developed and developing countries by controlling for differences in institutional and regulatory structures. There may be significant interactions between those measures and the performance of financial systems. Finally, net interest margin may be a weak proxy for testing the concentration-fragility hypothesis, since in developing countries high margins may particularly reflect inherent inefficiencies due to high transaction costs and missing economies of scale, respectively.
Finally, we want to point to the related, but separate literature dealing with the interaction between concentration, competition and stability. 19 Matutes and Vives (1996) suggest that concentration is not a consistent signal of competition. Beck (2008) states that the market structure measures that are used to measure competition, such as different concentration ratios, the number of banks or the Herfindahl index, describe the competitive behavior between banks inappropriately. investigate the effect of market concentration on financial stability, controlling for different competition measures. They show that higher concentration and higher competition at the same time have a positive effect on system stability. They conclude that market concentration may reflect something else than market power. Demirgüc-Kunt et al. (2004) stress that though many studies use concentration as a signal of competitiveness, its interpretation may be more complex. They suggest that concentration reflects other factors such as regulatory restrictions on competition, efficientstructure forces, and market power by banks. Future research should take account of these broader aspects to get a better understanding of the interaction between market concentration, competition and the channels through which they affect the stability of the system.
Conclusions
The theoretical literature on the relationship between market structure and financial crises claims that market concentration affects the occurrence of financial crises through specific channels, which suggest two opposing hypotheses. We test the significance of two particular channels regarding the return on assets and the net interest margins empirically. We use one-and two stage binary response models to assess the significance of the channel variables and the indirect effect of concentration (via the channel variables) on the likelihood of systemic crises. We complement the results with GMM regressions in order to take account of the time persistent character of the channel variables.
Evidence for the concentration-stability and/or concentration-fragility hypothesis requires that i) the channel variables significantly affect the crisis probability and ii) market concentration is a significant determinant of the channel variables. Our results suggest that the significance of the channel variables is given. In all our estimations, the channel variables have the correct sign, and in most cases are statistically significant. The results hold for different econometric models, and they are robust against controlling for other determinants. The results on the effect of concentration on the channel variables are weaker. Our findings show that higher concentration is associated with higher return on assets, as suggested by the theory. However, we find only weak support for a significant effect of market concentration on net interest margins.
19 A good literature overview is given in Berger et al. (2004) .
In order to take account of the differences between developed and developing countries, we split the sample and estimate the regressions separately. For developing countries, we find strong evidence for the concentration-stability hypothesis, but no evidence for the concentration-fragility hypothesis. In addition, in developing countries the results suggest that higher concentration is associated with lower net interest margins. It may be that net interest margin is only a weak proxy for testing the concentration-fragility hypothesis. Based on the argument that banks in concentrated markets have more market power and therefore charge their borrowers higher rates, which in turn leads borrowers to take higher risks and finally enhances the likelihood of default and of a crisis, the lending rate may be the appropriate "measure". However, data on lending rates are quite difficult to get. In developed countries, the evidence for the concentration-stability hypothesis is significant. Furthermore, there is also evidence for the concentration-fragility hypothesis.
In summary, our findings provide support for both the concentration-stability and the concentration-fragility hypothesis. The results for the concentrationstability hypothesis are clearly more significant than for the concentrationfragility hypothesis. The significance of our results vary among the different estimates, which is largely due to the complex structure of the underlying theory. 
